Background: Major surgery is frequently associated with postoperative cognitive dysfunction (POCD) in elderly patients. Type of surgery and hospitalization may be important prognostic factors. The aims of the study were to find the incidence and risk factors for POCD in elderly patients undergoing minor surgery. Methods: We enrolled 372 patients aged greater than 60 years scheduled for minor surgery under general anesthesia. According to local practice, patients were allocated to either in-(199) or out-patient (173) care. Cognitive function was assessed using neuropsychological testing preoperatively and 7 days and 3 months postoperatively. Postoperative cognitive dysfunction was defined using Z-score analysis. Results: At 7 days, the incidence (confidence interval) of POCD in patients undergoing minor surgery was 6.8% (4.3-10.1). At 3 months the incidence of POCD was 6.6%
cause POCD. Type of surgery is important due to differences in duration, pattern of possible postoperative complications, metabolic/endocrine stress response and hospitalization. Moreover, certain features of the hospital setting, such as noise, bright light, immobilization, isolation and sleep deprivation, result in sensorial overload or anxiety in an unfamiliar environment and may be relevant, especially in elderly patients (3, 4) .
Few studies have addressed the issue of POCD in the setting of minor (5) or out-patient surgery (6) . We designed a multicenter study to find the incidence of POCD after minor surgery in elderly patients. We also sought to identify possible risk factors, particularly hospitalization. We compared the incidence of POCD after minor surgery with the incidence previously found in patients undergoing major surgery (2) .
Materials and methods
Twelve hospitals in seven countries enrolled patients for this study, using a standardized protocol. The protocol was approved by the local Ethics Committee of each hospital and all patients gave informed consent.
Eligible patients were at least 60 years old and scheduled for minor surgery under general anesthesia. Patients were allocated to either in-or out-patient care according to local practice at each hospital. Inpatient surgery was characterized by a maximum expected postoperative stay of 1 night and 1 preoperative night's stay was accepted. Out-patient surgery was characterized by expected discharge from hospital on the day of surgery, with no preoperative night's stay. Exclusion criteria were diseases of the CNS, including dementia (Mini Mental Examination Score <24), consumption of major tranquilizers or antidepressants, previous neuropsychological testing, the patient's inability to comply and follow procedures or poor comprehension of the language used in the study. Patients with a severe visual or auditory handicap, illiteracy, alcoholism (intake of >5 units of alcohol daily during the last 3 months), drug dependence, and those not expected to complete the postoperative tests were excluded as well.
There were no restrictions on the type of general anesthetics or postoperative analgesia used but intraoperative normocapnia was ensured. The primary outcome of the study was the incidence of POCD, and the protocol included three sessions of neuropsychological testing: one preoperatively, one at approximately 7 days and one 3 months after surgery. Preoperative evaluation took place at the hospital no more than 1 week prior to the operation and included the patient's medical history. The first and second postoperative tests were administered at the hospital, if possible, or at the patient's home. At each session, all drug consumption and postoperative complications were recorded. All data were immediately checked for compatibility and completeness on entry into a dedicated computer program and transferred to a central database via the Internet.
Neuropsychological test battery
All neuropsychological tests used in this study have been described in our previous publications (2, 7) . The test battery has been translated into all major European languages and validated as previously described (2) . Briefly, we used the following parameters for assessing cognitive function: cumulative number of words recalled in three trials and the number of words at delayed recall from the Visual Learning test (8) ; the time and number of errors in part C of the Concept Shifting test (9) ; the time and error scores from the third part of the Stroop Color Word Interference test (10) ; and the number of correct answers from the Letter Coding test (11) . The tests were translated into the languages of the countries participating and are culturally robust. Parallel forms of the tests were used in a sequence using a full Latin square design. Patient assignment to one of six possible sequences was random. The testing took 30-45 min and took place in a quiet room with no disturbances. Staff training ensured consistency and reliability of data collection.
Subjective assessment of cognitive decline was evaluated using the Subjective Cognitive Functioning questionnaire (SCF) given to both patients and informants (usually spouses) 7 days and 3 months after surgery. The questionnaire was designed specifically to detect changes in subjective cognitive symptoms related to an intervention. It consists of four questions assessing memory, concentration, vitality and ability to sustain a mental burden. Scoring is from 0 to 7 for each component; with 4 representing no change. A total score was calculated, ranging from 0 to 28, with high scores expressing deterioration. We also determined mood and degree of independence in activities of daily living by questionnaires preoperatively and approximately 7 days and 3 months after surgery. Mood was evaluated with the Geriatric Depression Scale (GDS), which was self-administered by the patients. The GDS consists of 15 questions; answers are scored as 0 or 1 and a patient's total score ranges from 0 to 15, with high scores corresponding to depression. The Instrumental Activity of Daily Living (IADL) questionnaire comprises seven questions related to shopping, housework, preparing meals, walking, handling money, handling medicine, and using a telephone. The IADL questionnaire was answered by both patients and relatives. For each of the seven questions a score of 0 indicated no need for help, 1 indicated some need, and 2 indicated an inability to perform an activity without help. A total score was calculated, ranging from 0 to 14, with a high score indicating greater dependence.
Normative data were available from the ISPOCD1 control group, composed of 176 similarly aged volunteers from the United Kingdom. All controls underwent neuropsychological testing in the same way as patients during a previous study conducted in 1994-96 (2) . We looked at changes in test results from the preoperative baseline and calculated the mean and standard deviation (SD) of these differences.
The mean changes may be taken as estimated learning effects.
For individual patients, we compared baseline scores with the 1-week and 3-month postoperative test results, subtracted the average learning effect from the changes, and divided the result by the SD of the control group to obtain a Z score for each individual test outcome. A large positive Z score indicated deterioration in cognitive function from baseline in patients suffering from cognitive dysfunction compared with controls. We defined a composite Z score from the total of the Z scores for the controls, the SD of which we used to normalize the patients' composite Z scores at 1 week and 3 months. Patients had cognitive dysfunction when either two Z scores for individual tests or the combined Z score was 1.96 or more. This definition took into account both general deterioration (shown on all tests) or substantial deterioration in only some tests.
Statistics
Values are given as medians with 5-95% range and proportions with 95% confidence intervals. In the analysis of risk factors for cognitive dysfunction, we used multiple logistic regression. Proportions were compared using a Chi-square test. For continuous measures, changes were analyzed using a paired t-test and comparisons between groups were performed with a Mann-Whitney test. We assessed the relation between SCF, GDS and IADL scores and postoperative cognitive dysfunction by Spearman's rank sum correlation test on the composite Z-score.
We estimated that a sample size of 600 (300 in-and 300 out-patients) would allow detection of a decline in the incidence of POCD of between 25% in one group (data taken from previous study) to 15% in the other group with a power of 0.90 at the significance level of 0.05.
Results
Three hundred and seventy-two patients were studied: 199 in-and 173 out-patients. Forty-nine (13.2%) did not complete the 7-day assessment and 69 (18.5%) failed to complete the 3-month assessment. Reasons recorded for dropping-out included patient refusal (40, 11%), change in surgery or anesthesia (16, 4%), concurrent disease and death (six, 2%), impossibility of testing (five, 1%) and other causes (two, 0.5%). Table 1 shows the general patient characteristics and the timing of neuropsychological testing for both groups. The duration of anesthesia was significantly longer for the inpatient group. Table 2 shows the distribution of type of surgery in both groups. The out-patient group had a slightly higher number of procedures involving the gastrointestinal system and extremities, whereas plastic, urological and gynecologic laparoscopic procedures were more frequent among inpatients. Eighteen of the 173 out-patients stayed for one unplanned night after surgery but they were still included in the out-patient group using the intention-to-treat approach.
Twenty-two of the 323 patients undergoing minor surgery displayed POCD (6.8% [4.3-10.1]) 7 days after minor surgery. At 3 months, the incidence of POCD was 6.6% [4.1-10.0]. In our previous study of elderly patients undergoing major surgery (ISPOCD1), POCD was found in 25.8% after 1 week and in 9.9% after 3 months (2). Accordingly, there was a significant difference at 1 week only (P ¼ 0.001 and P ¼ 0.08, respectively). In our previous control group, 3 .4% (1.3-7.3) of the volunteers fulfilled the diagnostic criteria at 7 days, and 2.8% (0.9-6.5) at 3 months (2). These values were not significantly different from those obtained in the present study on patients after minor surgery. [8] [9] .1] for out-patients). No significant risk factor for POCD at that time point was detected in a logistic regression analysis. The incidence of POCD was significantly higher for in-patients when compared with the control group at both 1 week and 3 months (P ¼ 0.03 and P ¼ 0.04, respectively). Table 4 shows the SCF, GDS and IADL scores for in-and out-patients. No significant correlation was found between the Z-score and the changes in SCF, GDS and IADL scores. The SCF scores of in-and out-patients were not significantly different on questionnaires given to either patients or informants. The SCF scores for patients and informants were significantly correlated at both test sessions (P ¼ 0.03 and P ¼ 0.0001, respectively). In-and outpatient GDS scores did not differ. After pooling all patients undergoing minor surgery, we saw a small but significant decrease in GDS score from the preoperative to the 7-day postoperative test (mean -0.23; P ¼ 0.01), indicating that the patients showed less depression; however, the change at the 3-month postoperative test was not significant. The patients who underwent out-patient surgery had significantly better IADL scores at all sessions, and the informants provided significantly better scores for out-patients than for in-patients at the preoperative and 7-day postoperative evaluations. For both groups a significant decrease in the IADL score was observed between the preoperative and 3-month postoperative sessions, according to both the patients' (À0.29; P ¼ 0.0001) and the informants' responses (À0.37; P ¼ 0.0001). The changes for the patients and informants were significantly correlated (P ¼ 0.001). The change at the 7-day postoperative session was not significant. Expressed as number and percentage of patients.
Table 3
Proportion of patients with postoperative cognitive dysfunction at 7 days (POCD1) by risk factor: a total of 323 elderly patients underwent minor surgery. *Defined as current intake of alcohol as reported by the patient at the preoperative interview.
Discussion
The incidence of POCD in elderly patients 1 week after minor surgery in this study was significantly lower than after major surgery in our previous study (2) . Furthermore, the incidence of POCD after minor surgery was significantly lower for those scheduled for out-patient treatment than for those scheduled to stay for one postoperative night. Until now, most studies focusing on long-term postoperative dysfunction have enrolled patients undergoing major surgery (1, 2, 7, 12) . The few studies investigating POCD after minor surgery have mainly involved out-patient surgery and the objectives have been to detect differences between the situation just before and a few days after an operation (5, 6) or to compare anesthetic techniques (13) . Since our study included only patients undergoing minor surgery, we compared the incidence of POCD with that observed in our previous study of elderly patients exposed to major surgery under general anesthesia (2) . Although the studies were performed at different times, we believe that the comparison is reasonable because patient characteristics and methodology were similar. Thus, the incidence of POCD at 7 days was remarkably lower after minor surgery (6.8%) than after major surgery (25.8%). Three months after surgery, however, no significant difference was present.
Several factors may be important to explain differences in rates of POCD between major and minor surgery: duration of anesthesia (2), surgical trauma (14) , postoperative stress response (15), hospitalization, and postoperative pain and analgesics (16) . A relationship between inflammatory response as measured by interleukin 6 and late functional recovery after hip arthroplasty has been reported (15), suggesting a relationship between surgical trauma and recovery.
In the ISPOCD1 study, duration of anesthesia was a significant risk for POCD at 7 days. In that study the median duration of anesthesia was 190 min and the incidence of POCD at 1 week was 18% when the duration was less than 2 h and 27% when the duration was longer. In the present study the median duration of anesthesia was 33 min, and this was not a significant risk factor for POCD at 1 week. These results are consistent with the report of Smith et al. (5) who found that duration of anesthesia (mean 30.9 min) was not a contributing risk factor for mental dysfunction after transurethral procedures in elderly patients. Accordingly, the risk of POCD probably increases when surgery lasts longer than 1 h, but overall the type of surgery is probably more important than the choice of anesthetic agent or technique used (12, 13, 17) .
In the ISPOCD1 study, the median hospital stay was 9 days. The group of in-patients in the present study who remained in the hospital no more than 1 night after minor surgery had an incidence of POCD at 1 week of 9.7%; remarkably lower than that of patients in the ISPOCD1 (25.8%) (P < 0.0001). Accordingly, we believe that longer hospitalization is a risk factor for POCD.
In the present study, POCD was found at 7 days in 9.8% of patients hospitalized for 1 night postoperatively, and in 3.5% of out-patients the latter finding was similar to that obtained for the ISPOCD1 control group. Age and postoperative hospitalization were the only identified risk factors associated with POCD. Moreover, the difference in the incidence of POCD at 7 days between the in-and out-patients older than 75 years old was even greater (18% vs. 0%, respectively). Factors from the hospital environment, such as sleep deprivation, immobility, dehydration, sensory overloading and lack of a home environment have been implicated in the genesis of delirium (4). Delirium was reduced from 15.0 to 9.9% when an intervention strategy reducing these risk factors was applied to elderly medical patients hospitalized for a median of 6.8 days in one study (18) . Therefore, stressful conditions associated with a hospital environment seem to play a role in explaining POCD in elderly patients. However, it should be emphasized that an overnight hospital stay may be beneficial for some elderly patients. Better control of postoperative complications, basic care and a reduction of the family burden might be worth the risk of transient cognitive deterioration.
None of the subjective measures of cognitive function correlated significantly with POCD, suggesting that such questionnaires are not useful for POCD screening (1, 2). Furthermore, they showed no significant differences related to in-or out-patient surgery. However, we did observe a significant difference in IADL scores for in-and out-patients. Out-patients and their relatives reported significantly less dependency than did in-patients or their relatives at any session, including preoperatively. This might indicate that the level of dependency was a criterion for assigning patients to out-patient surgery.
Our study has two major limitations. Firstly, we were unable to recruit the sample size previously calculated, mainly because a substantial proportion of minor surgical procedures are normally performed under regional anesthesia in elderly patients in the participating centers. Accordingly, the statistical power was lower than expected and there may be a risk of overlooking a true difference after 3 months. With a sample of 323 patients, the statistical power is approximately 40% when aiming for detecting a difference between 4.5% and 9%. Secondly, we did not carry out random allocation to the two groups since we left this decision to the local practices of each participating center. The main reason for conducting the study in this manner was that we considered it to be difficult to ask patients to agree to randomization when local practice protocols are well-established. To our knowledge there is no randomized study in the literature comparing in-and out-patients. Nevertheless, we expected that recruiting patients from several centers with different practices could supply us with two comparable groups after we agreed on a list of surgical procedures that could be performed either with or without hospitalization. We found a small but significant difference in duration of anesthesia and a different distribution of kind of surgeries. We cannot exclude a center effect or bias related to selecting more fit patients for out-patient care. In fact, the out-patient group showed a higher score of IADL preoperatively, suggesting that these patients were less dependent.
In conclusion, our multicenter study demonstrated that the incidence of POCD at 1 week was significantly lower in elderly patients undergoing minor surgery than major surgery. A lower incidence of POCD was found in the day-case setting than in elderly patients hospitalized for 1 night. The factors that most likely explain the development of postoperative brain dysfunction are age, hospitalization, extension and duration of surgery. Our study encourages the avoidance of hospitalization in the elderly in the interest of POCD reduction, although other aspects of a patient's overall health situation, as well as social and economic factors, must be evaluated as well.
